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Abstract 
Concrete is made from water, cement and aggregate, and the present 
consumption of concrete worldwide is of order of 12 billion tons each 
year. In such tremendous volumes, human consume no material except 
water, bringing to the demand of freshwater resources and global 
freshwater shortage. Thus, this research was carried out to investigate the 
possibility of seawater as mixing water in concrete under Malaysia 
circumstances. Four (4) series of concrete mix was designed according to 
Department of Environment (DOE) with water-to-cementitious ratio of 
0.45 and target mean strength of 40 MPa at 28 days. Control specimen 
was prepared using tap water as mixing water and the other three (3) 
concrete mixes was prepared using seawater, collected from Minyak 
Beku offshore located in Johor. Ordinary Portland cement was the main 
cementitious material and was replaced by weight with 15% and 30% of 
fly ash (FA) in several mixes. All mix series was curing in tap water and 
seawater for 7, 28 and 90 days. Artificial salt was made using sodium 
chloride (NaCl) at 10% concentration for seawater curing. All specimen 
was tested on slump and compression performance. Results showed that 
all concrete slump falls between targeted slump design range and 
classified as high workability. Slump with seawater and FA was higher 
compared to mix without FA. Meanwhile, compressive strength was 
increased with the increasing of hydration period in all mixes under both 
curing medium. It was found that, compressive strength for specimen with 
FA and seawater was lower at early stage but it started to increase with 
time in comparison with control mix. Overall, specimen curing in tap 
water gave better compressive strength performance compared to 
specimen curing in seawater. 
Keywords—seawater, fly ash, plain concrete, compressive strength 
  
1. INTRODUCTION 
 
Research on applying 100 % seawater as concrete mixing water has 
been carried out since 1960’s. Supported with the facts reported by 
United Nation (UN) and World Meteorological Organization (WMO) that 
earth fresh water volume will decrease more than 50% in 2025 (Nobuaki 
et al., 2011) makes this scope of research gaining worldwide popularity 
nowadays. Since then, the effect, limitation and possibility of the 
presence of seawater in concrete has been investigated seriously on 
both concrete mechanical and physical properties.  
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However, two most important factors when dealing with seawater is first; 
sodium chloride (NaCl) content which is the predominant salt in 
seawater chemical constituent, and second; seawater pH values is 
between 7.4 and 8.4 which can cause risk of corrosion of reinforcing 
steel (Falah 2010). Takahiro in 2013 reported successful used of blast 
furnace slag (BFS) cement in providing good resistance against chloride 
attack on reinforcing steel. In his research, he critically discussed findings 
based on previous literature and experimental studies. According to 
literature-based, it was indicated that 68% positive opinion was 
gathered when using BFS in seawater-mixed concrete and 58% positive 
response when using fly ash (FA) as cementitious material. Furthermore, 
research done by Rita in 2013, concluded positive result when seawater 
was mix with Portland Composite Cement (PCC) which was ternary 
blended with FA and slag. Therefore, mineral admixture is important 
material when using seawater in concrete. 
In addition, chloride ion in seawater basically induced slightly higher 
seawater density, ranging between 1020 kg/m3 to 1029 kg/m3. This 
caused concrete strength increment as identified by Preeti in 2014. His 
research was specifically on compressive strength with two (2) curing 
medium which were tap water and seawater.  
In Malaysia, research on seawater as mixing water is still new and lots of 
studies need to be carried out in order to investigate the possibilities of 
using seawater in Malaysia. Thus, it is interesting to conduct this 
fundamental study focusing on compressive strength development 
under tap water and seawater curing. Seawater was used as 100 % 
mixing water and artificial salt from sodium chloride (NaCl) soluble was 
used during seawater curing. Seeing that Malaysia produced large bulk 
of FA and easily available, selection of FA as cementitious material was 
decided at 15% and 30% of ordinary Portland cement replacement. 
Hopefully, this research may contribute as reference data to 
researchers, construction parties and authorities in Malaysia and around 
the world. 
 
2. MATERIALS AND SPECIMEN PREPARATION 
 
Ordinary Portland cement (OPC) used in this study conformed to MS: 
522: Part 1:1989.  Replacement of 15% and 30% by OPC weight with 
Type F fly ash (FA) were carried out on two (2) mix design for pozzolonic 
purposes. Each OPC and FA has specific gravity of 2638 kg/m3 and 2284 
kg/m3, respectively.  River sand passing 5 mm sieve with specific density 
of 2278 kg/m3 was used as fine aggregate and combination of 10 mm 
and 20 mm of crushed aggregate was used as coarse aggregate with 
density of 2860 kg/m3.  Meanwhile, seawater having 1024 kg/m3 density 
was collected from Minyak Beku offshore, Batu Pahat point of Johor, 
Malaysia. Figure 1 show materials used in this study.   
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Concrete was design according to Department of Environment (DOE) 
with constant water-to-cementitious ratio of 0.45. Target mean strength 
at 28 days was 40MPa. Concrete slump was control between 60 mm to 
180 mm as prescribed in DOE method and test was carried out 
according to BS EN 12350-2:2009 Testing Fresh Concrete: Slump Test. Four 
(4) series of mix concrete using 100% tap water in control specimen, and 
100% seawater as mixing water on other remaining mixes were design as 
shown in Table 1. Concrete was molded using 100 mm x 100 mm x 100 
mm steel mold and undergo curing process in tap water (TC) and 
sodium chloride, NaCl solution (SC).  Figure 2 shows specimen curing 
process in SC and TC, respectively.  Compression test was conducted 
on specimen at age 7, 28 and 90 days based on BS EN 12390-03 2009 
Testing Hardened Concrete: Compressive Strength of Test Specimen. 
Workability was improved using superplasticizer at 1% dosage. 
 
 
 
Fig. 1 Material used; (a) fly ash, (b) seawater, (c) crushed aggregate 
and  
(d) river sand 
 
 
Table 1. Mix proportion of seawater-mixed design 
 
 
 
 
Tap water Seawater Cement Fly Ash Sand
TW SW C FA S G10 G20
Series w/c %
Control 225 0.0 500 0 660 330 660 1.0
OPC-SW 0.0 230 512 0 660 330 660 1.0
OPC-15FA-SW 0.0 230 435 77 660 330 660 1.0
OPC-30FA-SW 0.0 230 358 154 660 330 660 1.0
Chemical 
Admixture
0.45
kg/m
3
Coarse Aggregate
Description
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(a)                      (b) 
 
Fig. 2 Specimen curing; (a) in tap water, (b) in NaCl solution 
 
3. RESULT AND DISCUSSION 
Fresh concrete of four (4) series mixes were tested for slump 
performance and results are illustrated as in Figure 3.  Overall, all mixes 
meet the required slump as design in DOE method and falls under S3 
and S4 classification as proposed by BS EN 206:2013 Concrete: 
Specification, Performance, Production and Conformity. S3 classification 
is defining as high workability with slump between 100 mm – 150 mm 
and very high workability for S4; slump larger than 160 mm.  Control mix 
(tap water mix) achieved 120 mm slump and increases about 17% when 
tap water was replaced with seawater (OPC-SW). Mix with SW became 
larger with the presence of 15% FA and 30% FA. This indicates that the 
use of FA reduced segregation and produce better flow and 
consolidation than a control concrete without FA.  
Compressive strength development is presented in Figure 4 and Figure 5 
for tap water curing and seawater curing, respectively. It clearly seen 
that for all series, compressive strength was increased with the 
increment of hydration period.  At 28 days, all specimen achieved 
40MPa of designed strength.  However, for control specimen that 
immersed in both TC and SC did not showed any strength difference 
after 28 days. In tap water mix, compressive strength with SW was much 
higher compared to control mix at 28 days where the highest strength 
was produced by series of seawater with 30% FA which was 47MPa. This 
strength increased accordingly at 90 days. Meanwhile, specimen 
immersed in SC, showed inverse behavior with TC where control 
specimen gave higher compressive strength (46MPa) than all other mix 
of SW.  
Figure 6 showed line of equality relationship between TC and SC. It is 
clear that concrete specimen immersed in TC produced compressive 
strength better than specimen immersed in SC from 7 to 90 days.   Figure 
7 represent effect of FA on compressive strength at 7, 28 and 90 days. It 
was observed that, specimen with FA has lower early-age strength. This 
may be due to the sensitivity of FA pozzolanic reaction with temperature 
than hydration process itself. In this research, specimens were placed 
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under standard laboratory temperature condition.  However, by time, 
this strength started to increase at 28 days. At 90 days, specimen with 
15%FA rose up to 51MPa and 56MP for TC and SC, respectively. 
Meanwhile, for 30%FA, strength was recorded at 54MPa for TC and 
51MPa for SC at 90 days. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Concrete slump 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Strength development of concrete in TC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Strength development of concrete in SC 
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Fig. 6 Compressive strength in seawater curing versus compressive 
strength in tap water curing 
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Fig 7. Strength ratio of seawater mixed to tap water mixed concrete at 7 
days, 28 days and 90 days. 
 
4. CONCLUSIONS 
Several conclusions can be drawn as follows, 
1. Series with seawater mixing have higher workability compared to 
control mix using tap water.  
2.  Addition of 15% FA increased the workability and kept increasing 
with 30% FA. 
3. Seawater-mixed concrete with FA have lower early-age strength 
compared to control concrete but it rose up with the increasing of 
hydration period. 
4. Seawater-mixed concrete which undergo TC produced better 
compressive strength than SC. 
Overall, it was observed that, compressive strength was increased with 
hydration time and became much better with the presence of FA.  
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